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Abstract: Amethod for the determination of Fe(III) at trace levels is described. Thus, prior to
the spectrophotometric determination, a preconcentration of the trace amounts of iron(III)
using a chelate forming resin is proposed. A strong base anion-exchange resin (Dowex 2X4)
loaded with Ferron (7-iodo-8-hydroxyquinoline-5-sulphonic acid) was used for Fe(III)
preconcentration, at pH 2.2. After desorption with 5 % ascorbic acid in 0.5 M HCI, the
analyte (converted from Fe(III) to Fe(Il) was determined spectrophotometrically at 510 nm
as Fe(II)-o-phenanthroline complex. The accuracy of the proposed method was verified by
comparing the obtained results with those obtained using AAS with the standard addition
method. The sensitivity of the spectrophotometric method (after preconcentration) was 0.01
pg Fe(IlI)/ml. The recovery for iron(Ill) at the 7 pg/l level was 97 %.

Keywords: iron(I1I), Ferron, chelating resin, preconcentration, spectrophotometric determi-
nation.

INTRODUCTION

Separation and preconcentration techniques are of great importance owing to the lim-
ited sensitivity of modern instrumental methods for trace analysis. Over the past ten years a
large amount of data has been accumulated on chelating sorbents.1-© Among them, sorbents
obtained by immobilization of chelating agents on solid supports have gained much atten-
tion. 16 High preconcentration factors obtained with the aid of these sorbents make them very
useful in the analysis of environmental samples, particularly natural waters.”?

The direct determination of trace iron from natural waters is limited and difficult when
its concentration is too low to be determined directly and/or interferences due to the marix
cannot be eliminated. For this reason, a series of papers!%-1! have reported the preconcen-
tration of iron by using chelate-forming sorbents. Very efficient systems are provided by
immobilization of 8-hydroxyquinoline on solid supports.!2-14 Also, a sulphonic acid de-
rivative of 8-hydroxyquinoline, namely Ferron, (7-iodo-8-hydroxyquinoline-5-sulphonic
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acid), has been loaded on an anion exchange resin.!> The obtained sorbent has been ap-
plied to the selective and quantitative separation of some metal ions from aqueous solu-
tions, in the pH range 3 —4.1. It was found that, in this pH range, the Ferron-loaded resin
had a low affinity for Fe(III). But Ferron is one of the most selective chelating agents used
in the spectrophotometric determination of Fe(IIl), at pH 2.6.16

In this connection, the conditions for Fe(Ill) sorption on a Ferron-loaded resin were
examined. It was found that at pH 2.2, (adjusted with a buffer solution HCI-KCI), the sorp-
tion capacity of the chelating resin for iron(III) was optimum (0.55 mg/g resin). In a recent
paper,18 the efficiency of the Ferron-resin for sorption of Fe(1II) at trace levels was demon-
strated. A preconcentration factor of 80 was obtained.

As part of the cited investigations concerning the complexing properties of Ferron-resin
towards Fe(I1I), this work was devoted to the spectrophotometric determination of trace iron
after its preconcentratoin. Thus, after retention on the complexing resin at pH 2.2, the analyte
is desorbed with ascorbic acid, (thereby being converted from Fe(Ill) to Fe(Il)) and deter-
mined spectrophotometrically as the Fe(Il)-o-phenanthroline complex, at 510 nm.

EXPERIMENTAL
Reagents

All solutilons were prepared with distilled water and all chemicals were of analytical-reagent grade.

The chloride form of a commercially available strongly basic anion exchange resin Dowex 2X4 (Dow,
Germany), having dimethylethanolamine groups as the active fixed groups and a bead size of 100-200 mesh
was used for preparing the chelating agent-loaded resin. The exchange capacity of the Dowex 2X4 resin was
determined by converting a known amount of resin to the chloride form with an excess of 4 M HCl solution.
After washing the resin thoroughly with distilled water, the chloride ions were eluted with 1 M NaNO; solu-
tion and determined by titration with a standard silver nitrate solution. The exchange capacity for anions was
3.98 meq/dry resin, in agreement with that declared.

Ferron, (7-iodo-8-hydroxyquinoline-5-sulphonic acid), produced by Merck, Germany, was used as the
chelating reagent for the preparation of the complexing resin.

A 0.01 M iron(III) solution was prepared from ammonium iron(III) sulphate dodecahydrate in 0.01 M
hydrochloric acid and standardized by reduction with tin(Il) and then titration with a standard solution of
dichromate. Solutions of lower concentrations were prepared by dilution of this stock solution just before use.

Aqueous metal ion solutions of Ca(Il), Mg(II), Al(IIT), Mn(II), Co(II), Zn(II), Cr(III), Ni(II), Cu(II),
Pb(II) were prepared by dilution of Titrisol standard metal salt solutions (Merck, Germany). Working solu-
tions were freshly prepared from the standard metal salt solutions by dilution with distilled water.

Buffer solutions were prepared by usin 0.2 M HC1 - 0.2 M KCl (pH 2.2) and 0.2 M ammonium ace-
tate—0.2 M acetic acid (pH 3.5) in suitable ratios.

Solutions of ascorbic acid and hydroxylamine hydrochloride of different concentrations (2.5 % and 5
%) and in different acidic media (in presence of 0.1 to 1 M HCI), were tested as stripping agents for iron
desorption from the chelating resin.

A 0.5 % o-phenanthroline solution was prepared in ethanol.

Apparatus

A Jasco V-530 double beam spectrophotometer equipped with a pair of 1 cm path length quartz cuvettes
was used for the absorbance measurements.

An atomic emission spectrometer (ICP-AES, Varian, Liberty Series II, Australia) was used for the esti-
mation of the composition of the natural water sample. The plasma was run at 700 V with 15 /min argon. The
operating conditions were the following: photomultiplier tube voltage, 700 V; incident power, 1.1 kW; plasma
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gas flow, 15.01/min; auxiliary gas flow, 1.5 I/min; observation height, 14.0 mm; pump rate, 15.0 rpm; sample
uptake time, 25 s; wavelength of elements (nm): Al, 308.215; Co, 228.610; Cu, 324.754; Mn, 257.610; Ni,
221.647; Pb, 220.383; Zn, 213.856. Ca(1l) and Mg(II) were determined by the AAS technique.

A Pye Unicam atomic absorption spectrophotometer, AAS, Model SP 192, equipped with an air- acety-
lene flame burner and deuterium continuum source background corrector was used for the determination of
all metal ions, before and after their treatment with the chelating resin. The absorption measurements of iron
were performed under the following conditions: wavelength, 248.3 nm; window slit, 0.2 mm; current, 6 mA;
acetylene flow, 1.1 /min; air flow, 1 I/min; observation height, 10 mm.

The pH adjustment of buffer solutions was made using a Labor pH-Meesgerdt, Model MV 84 pH me-
ter, equipped with a glass electrode and a saturated calomel electrode with 0.1 M KNOj salt bridge, as the
standard reference electrode.

Procedure

Preparation of the chelate forming resin. The batch method was used for the retention of Ferron on the
resin. Thus, a weighed amount (0.2 g) of dry resin in the CI" form and 10 ml of a 5x10-> M Ferron solution di-
luted to 20 ml with distilled water were mixed until the supernatant solution became colourless. Then, the
loaded resin bed was filtered off on a fritted-glass funnel and washed with distilled water.

Metal sorption procedure. Weighed amounts (0.2 g) of chelating resin (loaded with 50 pmol of Ferron)
were equilibrated with aliquots (10 ml) of buffer solution (pH 2.2) by shaking the mixtures with a mechanical
shaker for 30 min. Aliquots (1 ml) of solutions containing 50 pig metal ion per ml were added to each vessel
fitted with a glass stopper and the mixtures were shaken for 2 h. Each supernatant solution was separated by
filtration on porous glass, washed with the buffer solution. The supernatant and washing buffer were collected
in a 25-ml volumetric flask. The amount of sorbed metal ions was estimated by difference from the total
amount added, using the AAS technique.

Procedure for the desorption of Fe(Ill) from the Ferron-resin. Samples of complexing resin to sorb the
Fe(IlI) were stirred with 10 ml of a reagent solution to be tested as a stripping agent. Each mixture of stripping
agent and resin was stirred for a definite shaking time (for 5 min to 1 h). The resin was then separated by cen-
trifuging and iron was washed-out by means of a small volume of distilled water. The supernatant solution
and the rinsing water were collected in a 25 ml volumetric flask. The amount of iron in the filtrate was deter-
mined by the AAS technique.

Measurement of Fe(Il) — o-phenanthroline complex by spectrophotometry. Aliquots of standard solu-
tions containing suitable amounts of Fe(Ill) were placed into 25 ml calibrated flasks. Then, volumes of 10 ml
of 5 % ascorbic acid in 0.5 M HCI were added. After allowing the mixtures to stand for 10 min, the following
reagents were added: 1 —2 ml of 2 M NaOH; 7 ml of acetate buffer solution, to adjust the pH to 3.5 and 1 ml of
0.5 % o-phenanthroline. Then, the flasks were diluted to the mark with distilled water and mixed. A waiting
time of 5 min was selected as sufficient for the generation of the Fe(Il)-o-phenanthroline complex. The
absorbances of these solutions were measured at 510 nm, vs. a reagent blank containing all reagents except the
metal ion. A calibration graph of absorbance versus concentration was constructed.

Procedure for determination of iron after its preconcentration. A weighed amount (0.5 g) of Fer-
ron-modified resin (loaded with 50 pmol Ferron) was stirred with a 150 ml aliquot of Fe(III) solution at a
concentratoin of 0.01 pg/ml and having a pH of 2.2 (adjusted with HCI-KCl buffer). After equilibration for
2 h on a mechanical shaker, the supernatant solution was separated from the resin by filtration through a
fritted-glass funnel and washed with distilled water. Subsequently, the resin was treated with 10 ml of 5 %
ascorbic acid in 0.5 M HCl and the mixture was shaken for 30 min to desorb the iron as iron(Il). The acid
solution containing the desorbed iron was collected in a 25 ml volumetric flask and the general procedure
for the spectrophotometric determination of iron applied. Then, the resin was treated successively with two
and three 150 ml aliquots of iron(I1T) solution (0.01 pg/ml). After the last portion of the supernatant solution
had been eliminated, the metal ion was recovered and determined in a manner similar to that described
above.
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RESULTS AND DISCUSSION
Sorption of metal ions

As was found in a recent study,!7 Fe(I1I) is quantitatively sorbed on the Ferron-loaded
resin at pH 2.2 (adjusted with HCI-KCI buffer). In a continuation of the cited paper, the
behaviour of other metal ions toward the chelating resin were studied under the same con-
ditions. The results given in Table I show that Ca(II), Mg(II), Zn(II), Cr(III) are not retained
while a small retention of Al(IIT), Mn(II), Co(II) and Pb(II) was observed. Also, the reslts
indicated that at pH 2.2 the Ferron-resin has significant affinities for Cu(Il) and Ni(I). This
behaviour indicates the similarity between the retention of these metal ions in the
complexing resin and the stability of the metal ions-ligand complexes in solution. Prelimi-
nary experiments showed that these complexes have low stability in solution, at pH 2.2
(their absorbances were small or insignificant except for the Cu(Il)-Ferron and Ni(Il)-Fe-
rron complexes).

TABLE 1. Results of desorption of some metal ions from the complexing resin, in the presence of 10 ml 5 %
ascorbic acid in 0.5 M HCI

Amount of metal ion after shaking with the strip-

Metal ion? ‘E;’l%“in; fefsﬁg/tiln‘l‘:; _ping agent®/umol .

In resin In solution
AI(IID) 1.1240.02 <1.12+0.01 <0.01£0.01
Mn(II) 4.41+0.01 4.35+0.02 0.06+0.01
Co(II) 2.00+0.03 1.99+0.02 0.01£0.01
Ni(II) 13.68+0.03 8.56+0.03 5.1240.02
Cu(I) 49.25+0.05 41.44+0.05 7.81+0.03
Pb(II) 2.61+0.03 0.75+0.03 1.86+0.02

aAmount of metal ion in sample: 50 pg; PData are the average of three determinations

Inlfluence of the stripping agent type on iron desorption

The effect of the stripping agent on the desorption of iron(Il) from Ferron-loaded
resin was investigated. The influence of the acidic medium was studied using different hy-
drochloric acid concentrations for reagent solutions containing 2.5 % or 5 % ascorbic acid
or hydroxylamine hydrochloride. The results of these experiments are presented in Table
11, from which is can be seen that Fe(II) cannot be desorbed quantitatively by using only
0.1-1 M HCI. This proves that the Fe(Il[)-Ferron complex, formed in the resin, is stable in
presence of the mentioned reagents. For this reason two reductive agents were tested as
stripping agents, namely ascorbic acid and hydroxylamine hydrochloride, in different acid
media. As shown in Table II, Fe(IlI) can be desorbed quantitatively as its reduced form by
using 5 % ascorbic acid in 0.5 or 1 M HCI. So, this stripping agent destroys the
Fe(Ill)-Ferron complex. The resulting Fe(Il) does not form a complex with Ferron. Hence
the metal ion is desorbed from the complexing resin.
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TABLE II. Desorption behaviour of iron from the complexing resin in presence of various stripping agents

Stripping agent Acidic medium Recovery?/%

2.5 % Ascorbic acid HC10.1 M 57£0.5
HCI0.5M 75£1.0

HClI I M 78+0.8

5 % Ascorbic acid HC10.1 M 60£1.0
HCI0.5M 100£0.5
HClI 1M 100£0.6

2.5 % Hydroxylamine hydrochloride HC10.1 M 30+1.1
HCI0.5M 65£1.5

HClI I M 73£1.0

5 % Hydroxylamine hydrochloride HC10.1 M 42+1.0
HC10.5M 77£0.5

HCI I M 85£0.7

HCI 0.1 M 18£1.0

05M 58+0.5

1M 65£0.7

Data are the average of three determinations. Amount of Fe(III) fixed in the resin: 50 pg; amount of resin: 0.2
g (loaded with 50 umol Ferron); volume of stripping agent: 10 ml; shaking time: 1 h

Effect of shaking time on iron desorption

As aresult of the previous experiments, 5 % ascorbic acid in 0.5 M HCI was selected
as the stripping agent for iron desorption. Experiments showed that the desorption of iron
was quantitative after a shaking time of 30 min.

Desorption of metal ions from the loaded resin

The elution behaviour of the other metal ions in presence of 5 % ascorbic acid in 0.5
M HCl are presented in Table I. It was assumed that the metal ions-ligand complexes in the
resin were not affected by the presence of ascorbic acid as reductive reagent. It was as-
sumed that the hydrochloric acid in the stripping agent is responsible for the small recover-
ies of some metal ions.

Spectrophotometric determination of Fe(Il) as its o-phenanthroline complex

Based on the optimum conditions described above, Fe(III) can be desorbed quantita-
tively from the complexing resin just in its reduced form Fe(II), which could be determined
spectrophotometrically. For example, o-phenanthroline is one of the more selective chelat-
ing agents used for the spectrophotometric determination of Fe(IT).!% It was found that the
lower limit for the quantitative determination of Fe(II) is 0.1 pg/ml (when using 1 cm path
length quartz cuvettes).!9 This result was obtained by working in presence of hy-
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droxylamine hydrochloride as the reductive agent. We obtained similar results by working
ini presence of 5 % ascorbic acid in 0.5 M HCI. Hence, the general procedure for the mea-
surement of metal ion -o-phenanthroline complex by spectrophotometry was applied.

It was found that Beer’s law is obeyed over the concentration range from 0.1 to 5 pug
Fe(Ill)/ml, with a correlation coefficient of 0.997.

Spectrophotometric determination of trace iron after its preconcentration

The experiments were carried out following the described procedure for the determi-
nation of Fe(Ill) after its preconcentraton. After the first test of preconcentration, Fe(IlI)
was preconcentrated by a factor of 15. The data in Table III show that this first test of con-
centration was not sufficient to determine Fe(II) spectrophotometrically.

TABLE III. Reslts of the spectrophometric determination of iron(Ill) after its preconcentration on the
Ferron-resin

Sample volume/ml Concentration of iron?/(pug/ml)
}:f;t Initial Final precoiecz(;lrtia tion After preconcentration
Calculated Calculated Determined®
1 15%150 25 0.01 0.060 -
2 25%150 25 0.01 0.120 0.115+0.001
3 35x150 25 0.01 0.180 0.178 £ 0.002

AData are the average value of three determinations. 1-3 represents the number of 150 ml aliquots of the wa-
ter sample containing Fe(Ill) added successively to the Ferron - loaded resin. “Amount of loaded resin: 0.5 g;
amount of Ferron in resin; 50 pmol

The second and third tests of preconcentration resulted in an iron preconcentration of
30 and 45 fold, respectively. The data in Table III indicates that these preconcentration ex-
periments allowed an improvement of the senstivity in the determination of iron.

From the experimental results it is clear that for the spectrophotometric determination
of iron in dilute solution, it is necessary for the solution to be preconcentrated so that the
amount of metal ion retained in the resin and then eluted with a minimum volume of strip-
ping agent (in this experiment 10 ml of 5 % ascorbic acid in 0.5 M HCl), is enough to reach
the lower limit for quantitative determination of iron by the proposed spectrophotometric
method.

So, before preconcentration, the concentration of metal ion (0.01 pg/ml) was below
the sensitivity of the spectrophotometric method (0.1 pg/ml). Hence the error of the spec-
trophotometric determination of iron. When the complexing resin was stirred successively
with two and three respectively 150 ml aliquots of 0.01 pg/ml solution, the total amount of
iron retained in the chelating sorbent and then released with 10 ml of 5 % ascorbic acid in
0.5 M HCI was enough to exceed the lower limit for quantitative determination of iron by
the spectrophotometric method (0.1 pg/ml).
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Sample analysis

The accuracy of the preconcentration method was investigated using a natural water.
Its composition was determined by the ICP-AES technique (except Ca(Il) and Mg(1l),
which were determined by AAS), under the mentioned working conditions (see “Experi-
mental”). The reslts of the iron determination by AAS, after preconcentration were in good
agreement with those obtained by AAS using the standard addition method (Table [V). Re-
covery at the 7 pg Fe(Il)/1 level was 97 %.

As mentioned before, Ca(Il) and Mg(Il) are not retained on the Ferron-resin. The
other elements present in the natural water (AI(IIT), Ni(IT), Mn(II), Cu(II)) which could be
sorbed on the resin and then released by the stripping agent do not interfere, at this level of
concentration, in the determination of iron by the proposed spectrophotometric method.

TABLE IV. Analysis of trace iron(Ill) in a natural water sample

Composition of water sample Fe(IID)*/(ug/l)
pg/ml? Without preconc.P Proposed method®

Ca(11),46.09;Mg(11),13.37, 7.0£0.2 6.8+£0.2

Al(IT),0.002;Ni(11),0.001;

Mn(11),0.019,Zn(11),0.008;

Co(I1),0.001;Cu(11),0.001;

Pb(11),0.001.

aThe ICP-AES technique (Mg(IT) and Ca(IT) were determined by AAS); "The AAS technique was combined
with the standard addition method. “Amount of loaded resin: 0.5 g; amount of Ferron in resin: 50 pmol, sam-
ple volume: 450 ml; eluent volume: 10 ml; stripping agent: 5 % ascorbic acid in 0.5 M HCI. 9Data are the av-
erage of three determinations

CONCLUSION

The results presented in this paper indicate that the described method can be regarded
as an alternative to the determination of Fe(Ill) by a more sensitive method. Thus, Fe(III)
could be determined by AAS with a calibration curve or by the standard addition method
from a solution with an iron(Il) concentration under 0.1 pg/ml.

In this paper, an alternative method to AAS, namely the indirect determination of
Fe(Ill) as trace levels by a spectrophotometric method, after its preconcentration with a
Ferron-loaded resin, is presented. By applying this procedure to the analysis of a real sam-
ple, a recovery of 97 % (at the 7 pg/l level), was achieved.

The proposed method allows for an improvement in the sensitivity in the spectropho-
tometric determination of Fe(Ill) (after its preliminary reduction to Fe(Il) as metal
ion-o-phenanthroline complex), from 0.1 to 0.01 pg/ml.
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n3BOJN

CITEKTPOCKOIICKO OAPEBMBAILE TPATOBA I'BOXBA(II) Y TIPUPOJHUM
BOIJAMA ITOCJIE BbETOBE [NPEJKOHUEHTPALIMIE XETATUPAJYhIM
CMOJIAMA

ZENOVIA MOLDOVAN? 1 ELEONORA-ANA NEAGU6

AUniversity of Bucharest, Faculty of Chemistry, Department of Analytical Chemistry, 4-12 Regina Elisabeta Blvd., 703461 - Bucharest,

Romania u 6Institute of Rare and Nonferrous Metals, 102 Biruintei Blvd., Bucharest, Romania

Ormcana je Meropa ofpebuBama Fe(lll) y Tparosuma. Ilpe cnekTpockonckor ofpebuBama
kommunHe Fe(lll) y TparoBuma cy mpefKOHIEHTpUCAHe KOpHIThermeM cMoiia Koje (hopMmupajy
xenare ca Fe(lll). 3a npegkoHIEHTpUCame je KopuitheHa jaka 6a3Ha aHjOH-U3MEHHBAYKa CMOJIA
(Dovex 2X4) nperxopHo obpabena ca PepoHoM (7-jono-8-XUIPOXUHONNH-5-CyIpOHCKA KICETNHA)
npu pH pacreopa Fe(Ill) jeqrakom 2.,2. Tlocie aecopryje ca pacTBopoM S % acKOpOMHCKE K-
cermmue y 0,5 M HCl koHeHTpanyja joa reoxkba, nocie nperxopHor npeBobema Fe(lll) y o6k
Fe(ll), onpebuBana je cnekTpogoromeTpujcku y 06uKy Fe(I1)-0-(heHaHTpONIMHCKOM KOMILTEKCY Ha
510 nm. TauHOCT IpesIoskeHe MeTofie BepruprKkoBaHa je yopebemeM ca pe3yaraTnma JoOHjeHIM
METOJIOM aTOMCKOM aICOPIIOHOM CIEKTPOCKOIIOM METOJOM CTaHAapiHOr gopaTka. OceTsbu-
BOCT CIIEKTPOCKOIICKE MeTofie nocne npepkonuenTpanyje ouna je 0,01 mg Fe(ll1)/ml. Edpuxacroct
Ha HuBOY of1 7 ng/l 6una je 97 %.

(IMpumsbeno 2. pebpyapa, pepupupano 17. maja 2002)
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